This work was aimed to investigate the chemical composition of pennyroyal (Mentha pulegium L.) aerial parts and castor (Ricinus communis L.) stems essential oils from Tunisia. Fumigant and repellent toxicities were assessed toward two major stored product beetles: Lasioderma serricorne and Tribolium castaneum. Pennyroyal essential oil was characterized by a clear predominance of the oxygenated monoterpenes fraction (97.10%) instead of phenol fraction (61.47%) in the castor essential oil. The major common compounds of Mentha pulegium were pulegone and isomenthone, whereas 2,4-bis (dimethylbenzyl)-6-t-butylphenol was the main volatile compound of castor essential oil. Pennyroyal essential oil showed a strong antiradical capacity (IC 50 = 14 µg/mL) which is higher than synthetic standard. The effectiveness of pennyroyal essential oil against the coleopteran insects showed potential fumigant impact particularly against Lasioderma serricorne with LC 50 = 8.46 µL/L air. Moreover, significant pest repellent activity was demonstrated with Ricinus communis and Mentha pulegium where the repellency effects reached 80 and 60% after 1 and 24h of exposure against Tribolium castaneum at doses of 0.31 µL/cm 2 and 0.078 µL/cm 2 respectively. Hence, these findings underlined the potential insecticidal effect of castor and pennyroyal essential oils and highlighted their use as valuable food and insecticide products instead of synthetic pesticides.
Introduction
Chemical pesticides used in agriculture represented a serious threat and a real environmental risk which affect essentially the groundwater and the atmosphere qualities. In fact, several studies have demonstrated the ecotoxicity of dozens of million cases of pesticide poisonings worldwide annually. [1] In another hand, pesticides have harmful effects on human health where 15 to 20% of these chemicals are carcinogens and endocrine disruptors. [2] Moreover, pesticides have significant chronic health effects, including respiratory and fetal diseases, diabetes, genetic, and neurological disorders. [3] Current investigations have mentioned that insects were the first responsible for the excessive use of these chemical poisons.
Tribolium castaneum (the red flour beetle) and Lasioderma serricorne (the cigarette beetle) are cosmopolitan and polyphagous stored product pests in stored grains throughout the world. In Tunisia, tribolium and lasioderma represented the most important and destructive pests in mills. [4, 5] These coleopteran insects constitute a real problem in damaging and contaminating food products. Of these, T. castaneum is the most serious pest where its severity relies on its short generation time (20 days) and its high rate of multiplication under favorable conditions. [6] In addition, insect adults have glands that produce a nauseating secretion which strongly depreciates the foodstuffs. [7] Given the substantial impact and the potential link to pesticide exposure, it is critical to greatly restrict the use of these harmful chemicals instead of natural products. These later have been used successfully to improve crop protection. [8] By this simple view, essential oils (EOs) constitute the bioactive fraction of aromatic plants and the most exploited products thanks to their harmlessness. Concerning pests' control, many studies revealed that these secondary metabolites were well-known for their biological activities such as their insecticide effect. [9] In addition, EOs exhibited acute toxicity, anti-feeding, and oviposition deterrents against a wide variety of insect-pests. [10] Though, the EO effects vary regarding the insect species, its developmental stage, and the plant origin producing the EOs. [9] Among the sources of these natural products, Mentha (Mentha pulegium L.; Lamiaceae) and Ricin (Ricinus communis L., Euphorbiaceae) were very important wild medicinal and aromatic plants used in phytotherapy and traditional medicine. [11, 12] Pennyroyal (Mentha pulegium) has been traditionally used for its antiflatulent, carminative, expectorant, diuretic, and antitussive effects and essentially for its antiseptic properties to treat cold, sinusitis, cholera, food poisoning, bronchitis, and tuberculosis.- [12] Castor (Ricinus communis) is also known for its anticancer, antidiabetic, antiprotozoal, insecticidal, larvicidal, and adult emergence inhibition activities. [13] Since no reports were carried out, these two plants were selected in this current study for their insecticide effects against two selected beetles.
In this context, the present work aimed to investigate the chemical composition of Mentha pulegium and Ricinus communis EOs (i), to determine their antioxidant activities (ii) and to evaluate their repellent and fumigant potentials against T. castaneum and L. serricorne. (iii) The potential effect of the insecticidal activity was assessed by the determination of the respective repellent (RD 50 ) and lethal doses (LD 50 ). Such a study could be helpful to validate the traditional uses and valorize Mentha and Ricin as natural insecticides. This could be an encouragement trend to preserve the safety and the best quality of the industrial food and pharmaceutical products.
Materials and methods

Chemicals
All solvents used in the experiments were purchased from Merck (Darmstadt, Germany). Sodium phosphate (Na 2 HPO 4 ), sodium monobasic phosphate anhydrous(NaH 2 PO 4 ), potassium ferricyanide (K 3 Fe (CN) 6 ), trichloroacetic acid (TCA), butylated hydroxytoluene (BHT), ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH), homologous series of C8-C40 n-alkanes, and high-purity standards of EO were purchased from Sigma-Aldrich (Steinheim, Germany). Deionized water was used to prepare all solutions, unless otherwise indicated. These solutions were wrapped in aluminium foil and stored at 4°C. All other chemicals used were of analytical grade.
Plant material
Mentha pulegium (aerial parts) and Ricinus communis (stems) were harvested randomly by hands (three times) from plants growing wild in Tunis (Oued El Abid; latitude 36°52ʹ 52.20ʹ'(N); longitude 14°42ʹ 26.41ʹ'(E), altitude 1005 m) and Borj Cedria (North Western Tunisia; latitude 36°41ʹ 17.22ʹ'(N); longitude 10°22ʹ 40.31ʹ'(E), altitude 11904 m). The harvested plants were identified by Professor A. Smaoui (Biotechnology Center in BorjCedria Technopole, Tunisia) according to Tunisian flora [14] and two voucher specimens were deposited at the herbarium of the Laboratory of Bioactive Substances, Biotechnology Center in Borj-Cedria Technopole. After that, the samples were freeze-dried and ground to fine powder by an electric mill and conserved in a dessicator at room temperature (~25°C) in darkness for further uses.
Essential oil extraction
Dried samples of the selected plants (100 g, three times) were subjected to hydrodistillation for Ricinus communis and Clevenger for Mentha pulegium for 90 min in accordance with European Pharmacopoeia method.
[15] This time was fixed after a kinetic survey during 30, 60, 90, and 120 min. In the case of Ricinus, the distillate (100 mL) was extracted with 100 mL of 2-methyl-butane for 30 min (three times) and dried over anhydrous sodium sulphate. The organic layer was then concentrated at 34.6°C using a vigreux column at atmospheric pressure and the resulting EOs were stored for a few hours at 4°C in dark and under a nitrogen atmosphere until analysis. EO yield percentage was calculated as volume (mL) of EO per 100 g of plant dry matter.
Gas chromatography analysis
The analysis of volatile compounds by gas chromatography (GC) was carried out on a HewlettPackard 6890 gas chromatograph (Palo Alto, CA, USA) equipped with a flame ionization detector (FID) and an electronic pressure control (EPC) injector. A polar polyethylene glycol (PEG) HP Innowax and a 5% diphenyl, 95% dimethylpolysiloxane apolar HP-5 capillary columns (30 m x 0.25 mm, 0.25 mm film thickness; Hewlett-Packard, CA, USA) were used. The flow of the carrier gas (N 2 ) was 1.6 mL/min. The split ratio was 60:1. The analysis was performed using the following temperature program: oven temperature kept isothermally at 40°C for 10 min, increased from 40 to 205°C at the rate of 3°C/min and kept isothermally at 205°C for 10 min. Injector and detector temperatures were held, at 250 and 300°C, respectively. The injected volume was 1 µL of diluted EO. The individual peaks were identified by retention times and indices (relative to C8-C40 n-alkanes), compared to known compounds. Percentage compositions of samples were calculated according to chromatographic peaks area using the total ion current.
Gas chromatography-mass spectrometry aanalysis GC/MS analysis was performed on an Agilent GC system 7890A coupled with a mass spectrometer Agilent 5975C inert XL MSD with electron impact ionization (70 eV). An HP-5MS capillary column (30 m x 0.25 mm coated with 5% phenyl methyl silicone, 95% dimethylpolysiloxane, 0.25 µm film thickness) was used. Oven temperature was programmed at 40°C for 1 min, then heated to 100°C at a rate of 8°C/min, and kept constant at 100°C for 5 min, then heated to 200°C at a rate of 10°C/min, and kept constant at 200°C for 3 min. Finally it rose to 300°C at a rate of 12°C/min, transfer line temperature was 250°C. The carrier gas was He with a flow of 1 mL/min and a split ratio of 100/1. Scan time and mass range were 1 s and 50-550 m/z, respectively. The identification of volatile components was assigned by comparison of their retention indices (RI) relative to (C8-C40) n-alkanes with those of literature or with those of authentic compounds available in the authors' laboratory. Further identification was made by matching their recorded mass spectra with those stored in the Wiley 09 NIST 2011 mass spectral library of the GC/MS data system.
Antioxidant activity
DPPH Assay: The electron donation ability of the EOs of the selected plants was measured by bleaching of the purple-colored solution of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) according to the method of Hanato et al. [16] One half mL of 0.2 mM DPPH solution was added to EO solutions (2 mL, 1000-5000 µg/mL). After an incubation period of 30 min at room temperature, the absorbance was against a blank at 517 nm. The inhibition percentage of free radical DPPH (IP%) was calculated as follows:
where A blank is the absorbance of the control reaction and A sample is the absorbance in the presence of EO. The EO concentration providing 50% inhibition (IC 50 ) was calculated from the regression equation prepared from EO concentration and the inhibition percentage. BHT, a synthetic antioxidant used generally for food, cosmetics and pharmaceuticals was used as standard.
Reducing Power: The method of Oyaizu [17] was used to assess the reducing power of R. communis and M. pulegium EOs. Of 1 mL different concentrations of EOs (1, 3, 5, and 7 mg/mL) in methanol were mixed with 2.5 mL of a 0.2 M sodium phosphate buffer (pH = 6.6) and 2.5 mL of 1% potassium ferricyanide (K 3 Fe (CN) 6 ) and incubated in a water bath at 50°C for 20 min. Then, 2.5 mL of 10% trichloroacetic acid (TCA) were added to the mixture that was centrifuged at 650 g for 10 min. The supernatant (2.5 mL) was then mixed with 2.5 mL distilled water and 0.5 mL of 0.1% ferric chloride solution. The intensity of the blue-green colour was measured at 700 nm. The EO concentration at which the absorbance was 0.5 for the reducing power (EC 50 ) was obtained from the linear regression equation prepared from the concentrations of the EO solutions and the absorbance values. High absorbance indicates high reducing power. Ascorbic acid was used as a positive control.
Insect rearing
For bioassays, 0-24 h old adult insects were collected from the rearing colony initiated in the laboratory of Plant Protection at the National Institute of Agricultural Research of Tunisia. The red floor beetle T. castaneum and the cigarette beetle L. serricorne were reared on wheat floor (Triticum aestivum) without exposure to insecticides. The rearing conditions were darkness in 25 ± 1°C, 65% ± 5%, relative humidity and 15h: 9h (light: dark) photoperiod. Adult insects were used for fumigant and repellency tests.
Fumigant toxicity
To determine the fumigant toxicity of Ricinus communis and Mentha pulegium EOs, 2 cm diameter filter papers (Whatman No. 1) were impregnated with the tested EO doses. They were then calculated to give equivalent fumigant concentrations. The impregnated filter paper was then attached to the screw caps of a 44 mL plexiglas bottle. Caps were screwed tightly on the vials; each one contained separately 10 adults (1-7 days old) of each species. When no leg or antennal movements were observed, insects were considered dead. The mortality was calculated using the Abbott correction formula. [18] A second experiment was designed to assess 50% lethal doses. A series of dilutions was prepared to evaluate insect's mortality after an initial dose-setting experiment. EO amounts tested on T. castaneum and L. serricorne were 0.5, 2, 5, and 25 µL corresponding to concentrations of 11.36, 45.46, 113.6, and 568.2 µL/L air, respectively. Control insects were kept under the same conditions without any EO and each dose was replicated three times. The number of dead and alive insects in each bottle was counted 48 h after initial exposure. The mortality was evaluated by direct observation of the insects every hour till total mortality. Probit analysis [19] was used to estimate LC 50 values (lethal concentration was designed to assess 50% of insect mortality).
Repellency bioassay
Filter Paper Tests: Repellency assays of Ricinus communis and Mentha pulegium EOs were carried according to the experimental method described by Jilani and Saxena. [20] Watman filter papers (diameter 8 cm) were cut in half. Test solutions were preparing by dissolving 2.5, 5, 7.5, and 10 µL of EOs in 0.5 mL acetone. Doses were converted to give equivalent concentrations of respectively 0.078, 0.157, 0.235, and 0.314 µL/cm 2 . Each solution was applied to half a filter-paper disc as uniformly as possible with a micropipette. The other half of the filter paper was treated with acetone alone as a control. The treated and control half discs were air dried under a fan to evaporate the solvent completely. Treated and untreated halves were attached to their opposites using adhesive tape and placed in petri dishes. Twenty adult (7-10 days old) beetles of mixed sex (ratio 1:1) were released at the center of each filter paper disc. The dishes were then covered and sealed with parafilm. Observations on the number of insects present on both the treated and untreated halves were recorded after 1, 3, 5, and 24 h for each tested concentration. Four trials were made for each concentration.
Percentage Repellency (PR) and Median Repellent Doses (RD 50 and RD 95 ) of Essential Oil: Numbers of L. serricorne and T. castaneum presented on the treated and untreated portions of the experimental paper halves were recorded after various periods of exposure. Percentage repellency (PR) was calculated according to Nerio et al. [21] as follows:
where Nc was the number of insects on the untreated area after the exposure interval and Nt was the number of insects on the treated area after the exposure interval. Four replications were used for each concentration. Probit analysis [22] was used to calculate the median repellent doses (RD 50 and RD 95 ) (doses that repelled 50% and 95% of the exposed insects respectively) at 24 h of exposure. Results were presented as the mean of repellency percentage ± the standard error.
Data analysis
All analyses were performed in triplicate and the results were expressed as means values ± standard deviations (SD). One-way analysis of variance (ANOVA) using Statistica [23] was performed on the data. A Duncan test was applied to the means to detect significant differences of repellence among concentrations and EOs at the 0.05% level. Data are presented in tables as means with standard errors. Probit analysis [22] was conducted to estimate median repellent dose (RD 50 ) with their 95% fiducial limits; RD was considered significantly different when their respective 95% fiducial limits did not overlap. To assess the impact of EO concentration and exposure time on repellent action, data underwent two-way ANOVA, converting percentage data into angular values; the averages were separated by LSD tests.
Results and discussions
Essential oil yields and chemical composition
Mentha pulegium: The extraction by steam distillation of pennyroyal (M. pulegium) aerial parts collected in the region of Oued el Abid (Tunisia) gave an EO (pale yellowish) with a yield reaching up to 1.5% (w/w on dry weight basis). This yield was relatively significant and pennyroyal could be considered as an appreciated source of EO. In fact, obtained yields were higher than other ones reported for Lamiaceae species such as Mentha aquatica (0.42%), [24] Mentha longifolia (0.50-0.90%), [25] Mentha spicata (0.72%), Mentha suaveolens (0.96%) [26] , and Mentha piperita (1.09%) [27] , but these yields were lower in case of Mentha pulegium from Morocco 2.33%). [28] Hence, in addition to genetic control, variations in EO yield among mint species may be attributed to abiotic factors such as region of cultivation and cultural conditions (humidity, light, temperature and especially fertilizer use, and irrigation). [29] Similarly, the effect of cultural practices and density of insect communities on the evolution of this parameter has also been described. [30] The chromatographic analysis of EO has identified 28 compounds that represented approximately 99.82% for Tunisian M. pulegium EO ( Table 1) . The EO was characterized by a clear predominance of monoterpenes and particularly the oxygenated fraction with a percentage of 97.10%. Pulegone (55.58%) and isomenthone (34.87%) were the responsible compounds of this rise. Pennyroyal EO can be considered as an important source of pulegone, a monoterpene ketone, which is presented in many other mint species and known for its numerous therapeutic effects such as anti-feedant, antibacterial, antifungal, and insecticide activities. [31, 32] In addition, the study of De Sousa et al. [33] has reported the analgesic, antinociceptive, and psychoactive effects of this volatile compound. Moreover, pulegone can be used in many other fields such as food, cosmetic, and pharmaceutical industries where it is used as a traditional remedy, a flavouring, and a spice. [34, 35] These results were in accordance with other studies already carried out in Algeria, India, and Uruguay where M. pulegium EOs were characterized by their high rates of pulegone with percentages of 46.41%, (65.9-83.1%), and 73.4% respectively. [36] [37] [38] Nevertheless, this composition was different from Mentha pulegium EOs in Morocco and Iran and was characterized by two specific chemotypes: that of piperitone (35.56 and 38%) and piperitenone (21.12 and 33%) where the rate of pulegone did not exceed 2.3 and 6.42%, respectively. [35] Other compounds were poorly represented such as neoisomenthol (4.03%) and p-menth-3-ene (1.29%) ( Table 1 ). The contribution of monoterpene hydrocarbons in pennyroyal EO did not exceed 2.08%. Of the same,the oxygenated sesquiterpenes and the phenols were detected in very small amounts which didn't exceed 0.56% of total pennyroyal EO.
Ricinus communis: The results of Ricinus communis EO analysis were shown in Table 1 . The components were identified and their percentages were listed according to their elution order on HP-5MS column. A total of 28 compounds were identified accounting for 99.19% of the EO with a yield of 0.26%. Ricinus EO was characterized by a clear dominance of phenolic compounds with 61.47% of the total EO. The main components were 2,4-bis (dimethylbenzyl)-6-t-butylphenol (28.03%) and phenol, 2,4-bis (1-methyl-1-phenylethyl) (20.99%). However, monoterpene aldehydes were detected in small amounts less than 5% and were represented essentially by benzene acetaldehyde (1.34%) ( Table 1) .
The major compound, 2,4-bis (dimethylbenzyl)-6-t-butylphenol was also detected as main volatile component in other species such as Parkinsonia aculeate aerial parts (Fabaceae) in Saudi Arabia. [39] These authors showed the antimicrobial activity of this major compound. Nevertheless, a previous study focusing on Ricinus communis EO aerial parts in Tunisia showed that oxygenated monoterpenes had the highest percentage with 75.61% with α-thujone (31.71%) and 1,8-cineole (30.98%) as the main compounds of this EO. [40] Thus, according to Lis et al. [41] , the chemical composition of the EO depends on several factors such as plant organ (leaves, flowers, stems, etc.). In fact, depending on this factor, several EOs of the same plant with different chemical compositions and biological activities can be formed. This property allowed us to offer a wide range of different natural species in many industrial outlets. Until now, it should be noted that no study has examined the composition of Ricinus communis EO stems.
Antioxidant activity of castor and pennyroyal essential oils
In order to limit the risk of free radicals and to evaluate the nutritional health food or plants, the appeal of natural antioxidants is crucial to ensure product stability. [42] Indeed, an ideal and natural antioxidant is a preventive agent, capable to avoid free radicals by complexing catalysts, reacting with oxygen or by deflecting the food effects of light. 
DPPH radical-scavenging activity
To evaluate the ability of M. pulegium and R. communis EOs to act as free radical scavengers, the DPPH method was used. By comparing the IC 50 of both species, results showed that R. communis EO was less effective to inhibit the radical DPPH with value of 333.6 µg/mL instead of M. pulegium EO (14 µg/mL) ( Table 2 ). This strong activity of pennyroyal EO (compared to BHT; 22 µg/mL) could be due to its high content of isomenthone, the monoterpene ketone, which is known for its powerful scavenging complexes. [43] In addition, many other researchers showed that EOs rich in non phenolic compounds were characterized by their potential antioxidant activity. [44] In another hand, it should be noted that the scavenging capacity of Tunisian M. pulegium was higher than that of mint species cited in the literature such as M. rotundifolia (29.52 µg/mL) from Tunisia, [45] M. piperita (15.2 µg/mL) from Libya, [46] and M. longifolia (10.7 mg/mL) from Turkey. [47] Data are reported as means (SD and compared to control (C)). ANOVA followed by Duncan multiple range test (p < 0.05). Values with different superscripts (a-b) were significantly different at p < 0.05.
Iron reducing power
This test was used to determine if volatile compounds of the studied species were electron donors and can reduce the oxidized intermediates of lipid peroxidation processes. [48] In this context, results from Table 2 showed that the two EOs exhibited a similar reducing power (EC 50 = 4.76 mg/mL and 4 mg/mL for Ricinus communis and Mentha pulegium EOs respectively). The higher reducing power of pennyroyal may be attributed to the presence of menthone and isomenthone, known for their potential antioxidant activity. [49, 50] Until now, there is negligible published report concerning the antioxidant activity of castor EO stems. However, the study of Kadri et al. [40] has showed that the reducing power of the EO castor aerial parts in Sfax (Tunisia) was 39.32 µg/mL. This activity was better compared to that calculated in this work, which could be due to: the extraction solvent, the part of the plant having undergone extraction (leaves, fruit, and bark), and climatic or soil factors. By comparison to many other medicinal plants known for their antioxidant activity (Bidens pilosa, [51] Bacopa moniera and Centella asiatica), [52] M. pulegium and R. communis EOs showed an appreciable reducing power. This latter is generally associated with the presence of reductones which exert antioxidant action by breaking the free radical chain by donating an hydrogen atom. [51] Hence, due to this property, these two EOs might protect or prevent food from oxidation.
Insecticidal activity of castor and pennyroyal essential oils
Fumigant toxicity
Against Tribolium castaneum results of the fumigant test were shown in Figure 1 . In fact, fumigant impact varied according to plant species, EO concentration and duration exposure. In another hand, in contrast to castor EO, fumigant impact of pennyroyal EO was clearly more significant to T. castaneum adults. The highest concentration of pennyroyal EO (586.2 μL/L air) caused 100% mortality of T. castaneum adults after only 11 h of exposure. Moreover, the lowest concentration of pennyroyal EO (11.36 μL/L air) caused 60% mortality of T. castaneum insects after 19 h of exposure. Meanwhile, at the highest concentration of castor EO (568.2 μL/L air), no mortality was caused showing unsusceptibilty of T. castaneum adults to castor EO.
In this context, plant species have a potential effect on the insecticidal activity of the plant derived material. Indeed, researches of Kim et al. [50] showed that 100% mortality was achieved within 1 day after treatment with Cinnamomum cassia EO against Lasioderma serricorne adults. Whereas, Allium scorodoprasm EO gave only 53% mortality after 4 days of treatment against Sitophilus oryzae adults.
In conclusion, insect susceptibility varied according to plant species producing EO. With al, the analysis of the cause of plant resistance must include consideration of the behavioral and physiological characteristics of the insect and the plant host as was confirmed by Beck (1965) . [53] Against Lasioderma serricorne, as reported in Figure 1 , the same trend was reported as previously. In fact, the higher the concentration, the greater the percentage of mortality increased. In another hand, as compared to the other coleopteran pest (Tribolium castaneum), it appeared that the highest concentration of Mentha pulegium EO leading to 100% mortality on Lasioderma serricorne after 15 h of exposure was 568.2 µL/air. Hence, this potent fumigant effect might be attributed to the high content of monoterpenes (Table 1 ) [54] and especially the main compounds; pulegone and isomenthone which have been screened for their insecticidal and genotoxic activities. [55, 56] In this context, other reports highlighted the fumigant activity, [57] the ovicidal and larvicidal effects of these volatile compounds against stored-product pests. [34, 58, 59] In addition, pennyrotal EO was reported to be more toxic than many other EOs extracted from other plants such as Lippia citrodora Kunth (Verbenaceae), R. officinalis (Lamiaceae), and Juniperus Sabina (Pinaceae) against the beetle callosobruchus maculates.
[60] Thereby, M. pulegium EO has potential use against these two stored-product insects and could be considered as a natural fumigeant among the most promising botanical insectcontrol agents. Lethal Concentrations: Probit analysis showed that the LC 50 values of Mentha pulegium EO tested with Tribolium castaneum (LC 50 = 11.57 µL/L air) was higher than those tested with cigarette beetle (LC 50 = 8.46 µL/L air). Hence, these results demonstrated the higher sensitivity of Lasioderma serricorne to pennyroyal EO than Tribolium castameum (Table 3) .
The insecticidal activity of Mentha pulegium EO against different insect species of stored food was reported by several researchers. In this context, Pavela [26] , Rim and Jee [61] and Pavlidou et al. [57] showed toxicity fumigation of Mentha pulegium EO against coleoptera species (Dermatophagoides pteronyssinus and Musca domestica). In addition, Lamiri et al. [62] indicated that Mentha pulegium EO can cause 100% mortality of Mayetiola destructor adults (Hessian fly) at the dose of 8 µL/L. Among the other insects, Pavlidou et al. [57] evaluated the sensitivity of Bactrocera oleae (olive fly) and Drosophila melanogaster larvae to M. pulegium EO and showed that the LD 50 was between 0.22 and 2.09 µL/L.
Repellency effect
Ricinus communis: The repellency bioassay of Ricinus communis EO showed encouraging results against Tribolium and Lasioderma adults where the highest repellency potentials (80% and 50%) were detected at doses of 0.31 µL/cm 2 and 0.235 µL/cm 2 respectively after 1 h of exposure (Table 4 ). However, this activity decreased as a function of exposure time to reach respectively 60% and 30% after 24 h of exposure (for Tribolium) and from 50% after 5 h of exposure to 20% after 24 h of exposure (for Lasioderma). These results agreed with other reports where insect response varied according to exposure time. In fact, Mediouni-Ben Jemaa et al. [4] found that the best repellent efficacy (92.5%) of Laurus nobilis EO against L. serricorne was observed at the dose of 0.12 µL/cm 2 during short exposure period (1 h). In another experiment, Sahaf et al. [63] found a strong insecticidal activity of Carum copticum EO against Tribolium castaneum (Tenebrionidae) which reached 100% mortality at a concentration higher than 185.2 µL/L air and after 12 h of exposure time.
Mentha pulegium: In repellency bioassays, M. pulegium EO tested gave excellent results against Lasioderma serricorne and Tribolium castaneum. In fact, this EO showed strong repellent efficacy which was highly dependent upon the concentration and exposure time, as mentioned at Table 5 . A significant repellent efficacy (60%) was observed even at low doses (0.078 µL/cm 2 ) after 24 h of exposure period especially against Tribolium castaneum. Meanwile, at 0.31 µL/cm 2 , pennyroyal EO reached only 50% repellency after 5 h of exposure against Lasioderma sericorne (Table 5) . Of the same, pennyroyal EO showed classes II and III repellency status at the majority of doses against the two beetles except for 5 h exposure with the concentration of 0.314 (T. castaneum) which showed class IV repellency status. Therefore, these findings showed that the tested coleopteran pests were more susceptible to M. pulegium than castor EO.
As proved by several authors, this strong repellency potential of pennyroyal could be due to its diaphoretic, antispasmodic, and anti-inflammatory properties. [60] Of same, the presence of monoterpenoids and sesquiterpenes regularly appeared to be the responsible of this insecticidal activity by their neurotoxicity effect against theses insects. [11, 64] Moreover, their lipophilicity facilitates penetration into the insects in order to interfere with their physiological functions. [65] Repellency Doses: The potent repellency of pennyroyal was evaluated by the lower corresponding doses RD 50 and RD 95 with values of 0.010 µL/cm 2 and 0.526 µL/cm 2 for L. serricorne and 0.015 and 0.370 µL/cm 2 for T. castaneum respectively (Table 6 ). Thereby, we can note that Tribolium was more susceptible to pennyroyal EO than Lasioderma adults. In the meantime, the study of Olivero-verbel et al. [66] has showed repellent doses of 21 µL/L and 84 µL/L for Cymbopogon citratus and Eucalyptus citriodora EOs respectively against Tribolium castaneum. On another hand, the sensitivity of Lasioderma serriorne to many other aromatic and medicinal plants was also reported by other researchers with higher RD 50 such as Laurus nobilis (37.84 µL/cm 2 ). [4] To the best of our knowledge, this study was the first report focusing on the assessment of insecticidal activity of Mentha pulegium and Ricinus communis EOs against these two beetles. 
